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QUESTION 1. 
Note: NMR and IR data tables can be found at the end of the exam paper 


b) 


a) Propose a structure for the compound with Molecular formula CgH;9O that has the following 
IR and 'H NMR data. Briefly explain your reasoning. 


3H triplet 


1H singlet 


6.5 — 7.5 ppm region 

left to night: 

1H triplet, 1H doublet, 1H 
singlet, 1H doublet 2H quartet 


g 8 ? 6 5 4 3 2 1 0 
HSP-40-212 ppm 
Loo 
Bs 
t) 
4000 
3000 2000 "1500 1000 500 


Predict the 'H NMR spectrum that you would observe for 4-methylpentan-2-one. 
Include: 
1) a line drawing of the compound 


11) number of signals 
111) approximate chemical shift of each signal 
iv) relative integrals 


v) splitting pattern of each signal 
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QUESTION 2. 


a) Draw the structure of 3-methyl-4-bromophenol. 


b) Give the full IUPAC name of the following compound: 


Cl Cl 


Cc) 
1) For each of the three compounds A-C state whether it is aromatic or not aromatic, briefly 
explain your answer for each compound referring to the four rules a molecule must fulfill to 
be classed as aromatic. 


11) Is neutral cyclopentadiene (A) a strong or weak acid? Explain your answer 
H H H M 
O @) 


A B C 


d) The 'HNMR signal of the inner ring protons of |14]-annulene have a chemical shift of 0 ppm, 
whilst the outer ring protons resonate at 7.6 ppm. 
Explain the reason for the low frequency resonance observed for these inner ring protons and the 
high frequency of the outer ring protons. Include a diagram in your answer. 
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QUESTION 3 
a) Draw the mechanism for the following reaction. Show all steps, all intermediates and all electron 


flow using arrows. 
Br 
Bro 
(> FeBr3 [ } 
—— 


b) The reaction of benzene with propanoyl chloride in the presence of AlCl; produces ketone A as 
shown below. O 


O 
J AICI; 
+ —______ > 
Cl 


If the reaction was attempted using 1-chloropropane instead of propanoyl chloride a mixture of 


A 


products (B and C) would result. B and C are constitutional isomers with the molecular formula 


1) Explain fully why you would get these two products 


11) Draw the two possible products B and C 


¢c) Choose ONE of the compounds below and draw the most efficient synthetic route to prepare it 
from benzene. Include all reagents and show all intermediates in your answer. Assume mixtures 
of isomers can be separated by chromatography. Note you are NOT required to draw 


mechanisms. 


SO3H NO; 


Cl 


QUESTION 4 


a) Give the major organic product(s) of each step for the following sequence of reactions. 


Bike 
KMnO, Cl 
——$<$<$$ > 


AICl3 


Question 4 is continued on page 5 
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b) What reagents will enable the following interconversions? 


NO, NH> Cl 


¢c) Compounds A and B react with KOH to give 2,4-dinitrophenol and 2-nitrophenol respectively, 
however compound C does not react with KOH. 


Br Br Br 
NO» NO» 
NO» 
NO» 
A B C 
1) Draw the complete stepwise mechanism for the reaction of B with KOH showing all 


intermediates and all electron movement with arrows. 
il) Why doesn’t C react with KOH? 


111) Would you expect A or B to react more readily (at lower temperature) with KOH? 


d) | Chloramine (antiseptic) and Sulfanilamide (sulfa drugs) are both used as antibacterial agents but 
work indifferent ways. Choose ONE of these two compounds and explain briefly (1-2 
sentences) how it works. 


QUESTION 5 


a) Pyridine and pyrrole, shown below, are both aromatic heterocycles but pyrrole is a much weaker 
base than pyridine. Why is this? Include drawings showing the orbitals containing pi and lone 
pair electrons in your answer. 


N 
S ee 
N—H 
© 


Pyridine Pyrrole 


b) Explain what the terms HOMO and LUMO mean, and how the energies of these orbitals in a 
molecule affect its reactivity towards nucleophiles and electrophiles. 


Question 5 is continued on page 6 


C) 
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Nicotinamide adenine dinucleotide (NAD*) is a biological two electron oxidant and readily 
accepts H-, releasing H* and leading to conversion of alcohols to ketones (such as in the 
catabolism of fats). 
OH OH OH OH 
: . Ko 
La : CHya~ww N CHo~w 
, 
Ht +H: a O H H O 
a 
2H. 
Using the molecular orbital diagrams below, explain: 
1) Why the H attacks NAD’ at the C4 position 
11) Why the bonding through the pyridine Nitrogen and the presence of the amide substituent at 
C3 are important features of the structure of NAD* that enable it to accept H. 
2.50 
— LUMO's 
cop 72. OF 
1.50 
an 0.31 
=m — 1.06 NS 
— 0.50 
ade = NH 
sco 401.58 033° 
( Sc. 44008 Pyridinium-3-carboxamide 
41.56 
Occupied a ' 
orbitals ss oe +2.01F 9.24 N 5o4 
Sco 42.5 
H»NCO 
Z Z NZ 
+ Pyridinium 
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QUESTION 6 


a) 
HBr 


A 


1) Rank the groups around the chiral centre of A and assign the stereochemistry as R or S 


11) Draw structures for products B and C. 
111) What 1s the relationship between products B and C? 
iv) Using your understanding of stereochemistry, would you expect the products B and C to be 


produced in equal amounts? Explain you answer. 


b) Explain, with the use of diagrams, a procedure for resolving a racemic mixture of D into its two 


enantiomers. 


OH |, 
NT 


D 


c) Assign the two protons labelled a and b present on the following compound pro-R and pro-S. 
2 @) 
ee gee 
H H 


~ CO>H 
40,07 : 


HO H 
QUESTION 7 
a) O 
C1 wh 
E F G 


1) Which of the alkenes E or F would you expect to be the most reactive Diels-Alder 
dienophile? Explain your answer. 


Question 7 is continued on page 8 
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11) Draw product formed from a Diels-Alder reaction between the most reactive dienophile 
from above (E or F) and the diene G. In your answer, indicate the relative stereochemistry 
of any newly formed chirality centres. 


b) The addition of HCI to the conjugated diene, 2-methyl-1,3-cyclohexadiene, results in three 
distinctly different regioisomeric products. 


HCl 
on a i + J + K 


1) Through the use of mechanistic diagrams show how each of the compounds I, J and K are 
formed. 

11) Indicate which of the compounds I, J or K you would expect to be isolated in the largest 
quantity and why. 


QUESTION 8 


a) The proportion of enol in a neat sample of the two ketones, M and N, shown below 1s rather 
different. Why is this? 


O O 
COEt 
0.0004% enol 62 % enol 


M N 


b) Draw the mechanism for the formation of products O and P from the following reaction 


scheme. 
i i Cu : 
Br NaOEt H30 
sage " > 90 ————> P 
ethyl acetoacetate benzyl bromide EtOH heat 


c) | Use mechanistic diagrams to predict the aldol condensation product Q formed in the following 


NaOH 
<> * 


reaction. 
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QUESTION 9 
a) 


1) Assign R or S stereochemistry to the stereocentre marked with an asterisk in allose 
11) When allose cyclises to form a cyclic hemiacetal it forms predominantly pyranose species. 
Draw one of the two pyranoses derived from allose. 


Ox~ LH 


CH,OH 


Allose 


b) Explain with the use of diagrams what will occur to a pure sample of B-D-glucopyranose if it 1s 


placed in basic aqueous solution. 


CH,OH 
HO O 


HO OH 
OH 
B-D-glucopyranose 


c) For each of the reactions shown below, draw the expected products T and U. 


a CH,OH 
: (excess) soi z NaBH, y 
Ag>O a Ae, 
galactose 


QUESTION 10 
a)  (S)-Tryptophan has 2 pX, values as illustrated on the diagram below. 


O —pK,, = 2.83 
OH 
N NH3" 
H pK, = 9.39 
1) Calculate the isoelectric point for (S)-tryptophan 


11) Draw the predominant structure of (S)-tryptophan at pH 8. 


Question 10 is continued on page 10 
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11) Construct a Fischer projection for (S)-tryptophan and assign whether this stereroisomer is D 
or L 


b) Draw areaction scheme for the preparation of a Asparagine-Alanine dipeptide sequence. In your 
answer show all the requisite protection and deprotection steps, and include the reagents 


required to perform each step of the synthesis. 


O O 
HoN 
O N H y) N LH 5 
Asparagine Alanine 
Cc) The a-helical parts of myoglobin and other proteins stop whenever a proline residue is 


encountered in the chain. Why is proline never present in a protein a-helix? 


proline 


NMR table, infrared table and periodic table are provided on pages 11, 12 and 13 


10 
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NMR TABLE 
NOTE: CH, shifts are similar to the CH, shifts given in the table below. 


Chemical 
Shift (5) 


0.9 
1.6 
1.8 
l-3 
2-5 


11 
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INFRARED TABLE 
Position 
(cm!) Group Comments 
3550-3200 =H Strong intensity, very broad band 
3400-3250 = ee Weaker intensity and less broad than O—H; NH, 
shows two bands, NH shows one 
3300 =C—H Sharp, C is sp hybridized 
| 
3100-3000 =C—H C is sp* hybridized 
| C is sp® hybridized; 3000 cm™' is a convenient dividing 
3000-2850 —_ line between this type of C—H bond and the preceding 
| type 
O 
! 
2830-2700 a Two bands 
2260-2200 —C=N Medium intensity 
2150-2100 —C=C— Weak intensity 
O 
| 
1820-1650 == Strong intensity, exact position depends on substituents; 
see Table 13.1 | 
Pe aia | 
1660-1640 | Often weak intensity | 
AN | 
|600—1450 Four bands of variable intensity | 
| 
1550 and 1380 —NO, Two strong intensity bands | 
| | 
| 300-1000 = Strong intensity 
| 
900-675 Strong intensity 
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Period 


Periodic Table 


ST- 


2 
4 
Be 
9.012 
13 
3 Al 
3 4 5 6 7 8 9 102013 12 | 26.98 
20 | 21 | 22 | 23 | 24 [| 25 [ 26 [ 27 ( 26 | 29 | 30 7 31 
Ca | Sc | Ti |} V | Cr |Mn| Fe | Co | Ni | Cu | Zn} Ga 
40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.95 | 58.93 | 58.69 |} 63.55 | 65.39 | 69.72 
37 | 38 | 39 | 40 |] a1 | 42 | 43 [a4 | a8 [ 46 | a7 | a8 | a9 
5| Rod} Sr | Y | Zr } Nb Te |} Ru | Rh] Pd | Ag | Cd] In 
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 | 98.91 | 101.1 | 102.9 | 106.4 | 107.9 | 112.4 114.8 
73 74 75 76 77 78 79 80 81 
6| Cs | Ba va Ta | W | Re} Os | fr | Pt | Au {| Hg/ TI 
132.9 | 137.3 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 


87 | 88 | ag. { 104 | i068 | 106 | 707 | 108 | 109 
7| Fr i Ra 1, | Ung] Unp |Unh | Uns | Uno | Une }...... 
223.0 | 226.0 
[| sblock 
57 | 58 ] 59 | 60 | 61 | 62 64 | 6 | 66 | 67 | 68 | 69 | 70] 71 
Lanthanides | La | Ce ;} Pr | Nd Er sm Ey Gad ! Tb | Dy | Ho Et | tm Yb} Lu 
138.9 | 140.1 | 140.9 | 146.2 | 144.9 | 150.4 157.2 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0 
e9 | 90 | 91 92 | 93 | 94 | 95 | 96 | 97 | 98 100 { 101 | 102 | 103 
Actinides Ac | Th | Pa | U | No [ Pu {|Am([Cmi Bk | Cf Es Fm Ma No; Lr 
227.0 | 232.0 | 231.0 | 238.0 | 237.0 | 239.1 | 241.1 | 244.1 | 249.1 | 252.1 257.1 | 268.1 | 259.1 | 262.1 


= 
O 


result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 
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